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LVFRKHVLYH FDSI VRWKDW FRQWI DQG FDSI KDYHRSSRVLWHVLJQV


$QRQFRQWDFWLQJSDUWLFOHSDLUZLWKDZDWHUEULGJHLVSORWWHGLQ)LJ7KHSDUWLFOHVRIUDGLL 5 DQG
5 DUH VHSDUDWHG E\ D GLVWDQFH '  7KH FRRUGLQDWH V\VWHP LV FKRVHQ VXFK WKDW WKH [ D[LV SDVVHV
WKURXJKWKHSDUWLFOHFHQWURLGVDQGWKH \ D[LVFURVVHVWKHPLGSRLQWRIWKHLQWHUSDUWLFOHJDS7KHZDWHU
EULGJH LV FKDUDFWHULVHG E\ WKH H[WHUQDO UDGLXV RI WKH WRURLGDO VKDSH PHULGLDQ SURILOH H[WU DQG WKH
LQWHUQDOUDGLXVRIWKHZDWHUEULGJHDWWKHQHFN LQWU DVLQGLFDWHGLQ)LJ7KH\LQWHUVHFWZLWKWKHWZR
SDUWLFOHVXUIDFHVZLWKFRQWDFWDQJOHT DQGUHODWHGWRWKHPDWULFVXFWLRQ 6 DQGWKHZDWHUDLUVXUIDFH
WHQVLRQ7 YLDWKH<RXQJ/DSODFHHTXDWLRQDV
   
H[W LQW
6 7 U U
§ · ¨ ¸© ¹
 

$Q LWHUDWLYH DOJRULWKP KDV EHHQ SURSRVHG WR GHWHUPLQH WKH LQWHUQDO DQG H[WHUQDO UDGLL RI WKH ZDWHU
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+RWWDHWDO
FRXQWLQJWKHIRUFHFRPSRQHQWVRULJLQDWLQJIURPWKHSUHVVXUHGLIIHUHQFHDFWLQJRQWKHFURVVVHFWLRQRI
WKHEULGJHQHFNDQGWKHVXUIDFHWHQVLRQDFWLQJRQWKHZDWHUDLUPHQLVFLDV
    FDS LQW LQWI 6 U 7 US S  



,W VKRXOGEHQRWHG WKDW IRUD FRQVWDQW VXFWLRQ FRQGLWLRQE\XVLQJ WKLV µJRUJHPHWKRG¶ WKH FDSLOODU\
IRUFHVROXWLRQIURPDWRURLGDODSSUR[LPDWLRQLVWKHVDPHDVDQDQDO\WLFDOVROXWLRQDQGRQO\KDVDVOLJKW
GLIIHUHQFH LQ OLTXLGEULGJHYROXPH *UDVHW DO  ,W VKRXOGDOVREHQRWHG WKDW WKH LQWHUSDUWLFOH
RYHUODSLQWKLVVWXG\LVYHU\VPDOOOHVVWKDQWLPHVRIPHDQSDUWLFOHUDGLXVWKDWZKHQSDUWLFOHVDUH
LQFRQWDFWWKHFDSLOODU\IRUFHLVFDOFXODWHGDV '  
6HWWLQJ WKHZDWHUVXUIDFHWHQVLRQDV1PDQGDVVXPLQJ WKHSDUWLFOHV WREH LGHDOO\K\GURSKLOLF
FRQWDFWDQJOH R)LJDSORWVWKHFDSLOODU\IRUFHDJDLQVWWKHVHSDUDWLRQGLVWDQFH'IRUWZRHTXDO
VL]HGSDUWLFOHV    5 5 PP  DWGLIIHUHQWVXFWLRQ OHYHOV7KHFDSLOODU\ IRUFHGHFUHDVHVZKHQ
WKHWZRSDUWLFOHVJHWIXUWKHUVHSDUDWHGDQGZKHQVXFWLRQLQFUHDVHV:KHQ ' LVODUJHUWKDQDFHUWDLQ
YDOXHWKDWWKHUHDUHQRVROXWLRQVH[LVWLQJIRU LQWU DQG H[WU ZDWHUEULGJHVFDQQRWIRUP6XFKDGLVWDQFH
LV UHIHUUHG WR DV WKH UXSWXUH GLVWDQFH ZKHUH WKH FXUYHV LQ )LJ D HQG )LJ E LV WKH VHPL
ORJDULWKPLF SORW VKRZLQJ WKH UXSWXUH GLVWDQFHV YHUVXV VXFWLRQ 7KH UXSWXUH GLVWDQFHV UHGXFH ZLWK
VXFWLRQLQFUHDVHDQGWKHFKDQJHLVPRUHVLJQLILFDQWLQUHODWLYHO\ORZVXFWLRQUDQJH


1XPHULFDOVLPXODWLRQRIXQVDWXUDWHGJUDQXODUPDWHULDOV
7KHRSHQVRXUFHVRIWZDUH/,***+76ZKLFKZDVGHYHORSHGIURP/$0036.ORVVHWDOKDV
EHHQHPSOR\HGLQWKLVVWXG\)RUDOOWKHVLPXODWLRQVSUHVHQWHGLQWKLVSDSHU WKHPDWULFVXFWLRQ 6 LV
FRQVLGHUHG FRQVWDQW :DWHU EULGJHV DUH DVVXPHG WR H[LVW EHWZHHQ DOO WKH SDUWLFOH SDLUV ZLWKLQ WKH
UXSWXUH GLVWDQFH 7KH VXFWLRQ LV FRQVLGHUHG XQLIRUP RYHU DOO WKH ZDWHU EULGJHV 7KH )RUFH
'LVSODFHPHQWPRGHOLQWURGXFHGLQWKHSUHYLRXVVHFWLRQKDVEHHQLQSXWLQWRWKHVRXUFHFRGHDQGXVHG
WRGHWHUPLQHWKHFDSLOODU\IRUFHDWGLIIHUHQWSDUWLFOHVHSDUDWLRQV)RUXQHTXDOVL]HGSDUWLFOHSDLUVWKH
FDSLOODU\ IRUFH DQG WKH ZDWHU YROXPH FDQ EH HVWLPDWHG XVLQJ WKH DULWKPHWLF PHDQ UDGLXV DV
 
 
5 55 5 5  )RUWKHQDUURZSDUWLFOHVL]HGLVWULEXWLRQVWKHHUURULQGXFHGLQVXFKDVLPSOLILFDWLRQKDV
EHHQFKHFNHGDQGIRXQGQHJOLJLEOH
7KH WHVWHG VDPSOHV DUH PDGH RI VSKHULFDO SDUWLFOHV 7KH\ KDYH D FXELF VKDSH XSRQ JHQHUDWLRQ
LQERXQGHG E\ VPRRWK ULJLG ZDOO ERXQGDULHV 3DUWLFOH GLDPHWHUV DUH XQLIRUPO\ GLVWULEXWHG EHWZHHQ
PPDQGPP7KHSURSHUWLHVRIWKHSDUWLFOHVDUHFKRVHQLQUHIHUHQFHWRTXDUW]SDUWLFOHV7KH
GHQVLW\RIWKHSDUWLFOHVLVNJP<RXQJ¶VPRGXOXVDQG3RLVVRQ¶VUDWLRRIWKHSDUWLFOHVDUH*3D
DQG7KHFRHIILFLHQWRIUHVWLWXWLRQZKLFKLVGHILQHGDVWKHUDWLREHWZHHQVSHHGVDIWHUDQGEHIRUH
DQLPSDFWEHWZHHQWZRSDUWLFOHVLV7KHSDUDPHWHUVDUHVXPPDULVHGLQ7DEOH7KHOHQJWKRIWKH
FXELFVDPSOHLVURXJKO\WLPHVWKHPHDQSDUWLFOHGLDPHWHU7KHWRWDOQXPEHURISDUWLFOHVLVDURXQG
YDU\LQJGXHWRWKHGLIIHUHQFHLQVDPSOHYRLGUDWLR
7KH VDPSOHV DUH JHQHUDWHG LVRWURSLFDOO\ E\ XVLQJ WKH UDGLXV H[SDQVLRQ PHWKRG 7KH SDUWLFOHV UDGLL
GXULQJJHQHUDWLRQKDYHEHHQVFDOHGGRZQWRHQVXUHWKHUHDUHQRFRQWDFWVEHWZHHQSDUWLFOHVDQGWKHQ
WKHSDUWLFOHVDUHH[SDQGHGJUDGXDOO\ WR WKH WDUJHWSDUWLFOHVL]H7KH LQWHUSDUWLFOHIULFWLRQFRHIILFLHQW
KDVEHHQVHWDVWRJHQHUDWHWKHGHQVHVDPSOHYRLGUDWLRV H  DWFRQILQLQJVWUHVVN3DDQG
 WR JHQHUDWH WKH ORRVH RQH YRLG UDWLRV H  DW FRQILQLQJ VWUHVV N3D 7KH LQWHUSDUWLFOH
IULFWLRQ FRHIILFLHQW KDV EHHQ UHVWRUHG WR EH  SULRU WR FRQVROLGDWLRQ DQG VKHDULQJ $ FROODSVH
SKHQRPHQRQKDVEHHQREVHUYHGDIWHUUHVHWWLQJWKHIULFWLRQDQJOHIURPWREXWWKHYRLGUDWLRLV
VWLOOVOLJKWO\KLJKHUWKDQDVDPSOHGLUHFWO\SUHSDUHGE\XVLQJDVIULFWLRQFRHIILFLHQW
7KH VDPSOHV DUH VKHDUHG DORQJ WKH FRQYHQWLRQDO WULD[LDO FRPSUHVVLRQ PRGH ZLWK WKH VWUHVV LQ WKH
KRUL]RQWDO SODQH EHLQJ LVRWURS\ 'XULQJ VKHDULQJ WKH ODWHUDO VWUHVV DQG WKH PDWULF VXFWLRQ DUH NHSW
FRQVWDQW,QWKLVVWXG\WKHODWHUDOFRQILQHPHQWLVVHWWREHN3DDQGWKHVSHFLPHQVDUHORDGHGD[LDOO\
1XPHULFDOVLPXODWLRQVZLWKGLIIHUHQWPDWULFVXFWLRQVDQGN3DKDYHEHHQ
FDUULHGRXWLQDGGLWLRQWRWKDWRIWKHGU\VDPSOH)LJSUHVHQWVWKHW\SLFDOPDWHULDOUHVSRQVHVLQWHUPV
RIWKHGHYLDWRULFVWUHVV D UT V V  ZKHUH DV LVWKHD[LDOVWUHVVDQG UV LVWKHODWHUDOVWUHVVDJDLQVW
WKH D[LDO VWUDLQ DH  7KH VWUHQJWKV RI GHQVH VDPSOHV ULVH XS WR D SHDN DQG JUDGXDOO\ UHGXFH WR WKH


FULWLFDOVWDWHZKLOHIRUWKHORRVHVDPSOHLWPDLQO\H[KLELWVWKHVWUDLQKDUGHQLQJEHKDYLRXUDOWKRXJKD
SHDNLVQRWLFHDEOHDWVXFWLRQ 6  N3D
,WLVHYLGHQWWKDWWKHFDSLOODU\EULGJHVOHDGWRDVLJQLILFDQWLQFUHDVHLQPDWHULDOVWUHQJWKHYHQDWDYHU\
KLJK VXFWLRQ OHYHO LH D ORZ ZDWHU FRQWHQW VWDWH $ IXUWKHU UHGXFWLRQ LQ PDWULF VXFWLRQ KRZHYHU
FDXVHVRQO\ OLPLWHGFKDQJHV7KLVREVHUYDWLRQLV LQDJUHHPHQWZLWK WKHH[SHULPHQWDO UHVXOWV IRU WKH
HIIHFWRIOLTXLGRQWKHUHSRVHDQJOH+RUQEDNHUHWDODQGWKHHIIHFWRIWKHZDWHUFRQWHQWRQWKH
WHQVLOHVWUHQJWKRIVDQG/XHWDODQGJODVVEHDGV6FKHHOHWDOZKLFKVKRZHGWKDW
D YHU\ VPDOO DPRXQW RI OLTXLG ZRXOG FKDQJH WKH PDWHULDO SURSHUW\ VLJQLILFDQWO\ )RU WKH UDQJH RI
VXFWLRQLQWKLVVWXG\WKHPDWHULDOVWUHQJWKKDVEHHQREVHUYHGWRLQFUHDVHZLWKDGHFUHDVHLQWKHVXFWLRQ
OHYHO +RZHYHU DV GHSLFWHG E\ 7HU]DJKL¶V HIIHFWLYH VWUHVV WKHRU\ WKH VWUHQJWK RI IXOO\ VDWXUDWHG
JUDQXODU PDWHULDOV LV WKH VDPH DV WKH GU\ PDWHULDO DVVXPLQJ WKH ZDWHU SUHVHQFH GRHVQ¶W FKDQJH WKH
FRQWDFW EHKDYLRXU 5HGXFWLRQ LQ WKH PDWHULDO VWUHQJWK LV H[SHFWHG VKRXOG WKH VXFWLRQ OHYHOGHFUHDVH
IXUWKHU7KLVKRZHYHUPD\VXJJHVWWKHPDWHULDOVWDWHIDOOVRXWRIWKHSHQGXODUVWDWHDQGEH\RQGWKH
VFRSHRIWKLVLQYHVWLJDWLRQ
6WUHVV±)RUFH±)DEULF5HODWLRQVKLSIRU8QVDWXUDWHG*UDQXODU0DWHULDOV
)RUPXODWLRQRIWKH6WUHVV)RUFH)DEULFUHODWLRQVKLS
7KHGLUHFWLRQVWDWLVWLFDO WKHRU\ .DQDWDQL/LDQG<X5RWKHQEXUJDQG%DWKXUVW LV
XVHG WR DQDO\VH WKH SDUWLFOHVFDOH GDWD DQG WR HVWDEOLVK WKH 6WUHVV)RUFH)DEULF UHODWLRQVKLS IRU
XQVDWXUDWHGJUDQXODUPDWHULDOV7KH6))UHODWLRQVKLSLQWKLVVHFWLRQIRUPXODWHVWKHVWUHVVWHQVRUE\WKH
PLFURVFDOHVWDWLVWLFV UHOHYDQW WRERWK WKHSK\VLFDOFRQWDFWVDQGZDWHUEULGJHVHIIHFW DQGVHUYHDVD
WRRO WR XQGHUVWDQG WKH PLFURPHFKDQLFDO RULJLQ RI PDWHULDO VKHDU VWUHQJWK ,W LV KRZHYHU ZRUWK
SRLQWLQJ RXW WKDW 6)) LV D PDWKHPDWLFDO DSSUR[LPDWLRQ LQ QDWXUH 7KH DFFXUDF\ RI 6)) SUHGLFWLRQ
KLJKO\GHSHQGVRQKRZFORVHO\WKHFKRVHQGLVWULEXWLRQVFDQDSSUR[LPDWHWKHSDUWLFOHVFDOHGDWD
%DVHG RQ WKH IRUFH HTXLOLEULXP FRQGLWLRQ WKH DYHUDJH VWUHVV WHQVRU RYHU YROXPH9 LV HTXDO WR WKH
VXPPDWLRQRIWKHWHQVRUSURGXFWRIORFDOSDUWLFOHLQWHUDFWLRQDQGJHRPHWULFDOYHFWRUVRYHUDOOFRQWDFW
SRLQWV &KULVWRIIHUVHQ HW DO  5RWKHQEXUJ DQG 6HOYDGXUDL  7KLV H[SUHVVLRQ LV YDOLG IRU
XQVDWXUDWHG PDWHULDOV DOWKRXJK WKH SDUWLFOH LQWHUDFWLRQV LQFOXGH WKH FRQWDFW IRUFHV EHWZHHQ VROLG
SDUWLFOHVDQGWKHFDSLOODU\IRUFHVDULVLQJIURPZDWHUEULGJHV&RQWDFWIRUFHV FRQWI WDNHSODFHZKHQHYHU
WZRSDUWLFOHVDUHLQSK\VLFDOFRQWDFW&RQWDFWYHFWRUV FRQWY DUHWKHYHFWRUIURPWKHFRQWDFWSRLQWWRWKH
UHVSHFWLYH SDUWLFOH FHQWUH &DSLOODU\ YHFWRUV FDSY DUH WKH YHFWRU IURP WKH SRLQW RI DFWLRQ IRU WKH
FDSLOODU\ IRUFH WR WKH UHVSHFWLYHSDUWLFOH FHQWUH1RWH WKH FDSLOODU\ IRUFHV FDSI PD\H[LVW EHWZHHQD
SDLURISDUWLFOHVLQSK\VLFDOFRQWDFWRUWKRVHQRWLQGLUHFWFRQWDFWEXWZLWKLQWKHUXSWXUHGLVWDQFH)RU


SDUWLFOHSDLUVLQGLUHFWFRQWDFWWKHFRQWDFWSRLQWLVWDNHQDVWKHSRLQWRIDFWLRQIRUWKHFDSLOODU\IRUFH
)RUSDUWLFOHSDLUVQRW LQGLUHFWFRQWDFW WKHPLGSRLQWRI WKH LQWHUSDUWLFOHJDSDV VKRZQLQ)LJ LV
WDNHQDVWKHSRLQWRIDFWLRQIRUFDSLOODU\IRUFHV
%\ GHFRPSRVLQJ WKH SDUWLFOH LQWHUDFWLRQ LQWR WKH FRQWDFW IRUFH IURP VROLG FRQWDFW DQG WKH FDSLOODU\
IRUFHVDQGIROORZLQJ6FKROWqVHWDOEWKHWRWDOVWUHVVWHQVRUFDQEHH[SUHVVHGDVWKHVXPRIWKH
FRQWDFWVWUHVVWHQVRU FRQWLMV DQGWKHFDSLOODU\VWUHVVWHQVRU FDSLMV 
   FRQW FDS V Z ZLM LM LM FRQW L FRQW VM FDSL FDS M
V 9 Z 9
Y I Y I9 9V V V     ¦ ¦  
ZKHUH V DQG Z GHQRWH WKH V WK LQWHUSDUWLFOH VROLG FRQWDFW DQG WKH Z WK ZDWHU±SDUWLFOH LQWHUDFWLRQ
UHVSHFWLYHO\DQG9 UHSUHVHQWVWKHYROXPHRIWKHDVVHPEO\1RWHWKHFRQWDFWIRUFH FRQWI LVDUHSXOVLYH
IRUFHDQGDOZD\VNHHSVDQDFXWHDQJOHZLWK FRQWY DQGWKHFDSLOODU\IRUFH FDSI LVDFRKHVLYHIRUFHDQG
LQWKHRSSRVLWHGLUHFWLRQRIWKHFDSLOODU\YHFWRUV7KHFRPSRQHQWRIWKHFRQWDFWVWUHVVWHQVRU FRQWLMV LV
DOZD\VSRVLWLYHZKLOH WKHFDSLOODU\ VWUHVV WHQVRU FDSLMV LVQHJDWLYH LQ VLJQ7KH FRQWDFW VWUHVV WHQVRU
FRQW
LMV LV JHQHUDOO\ ODUJHU WKDQ WKH WRWDO VWUHVV WHQVRU ZKHQ WKH JUDQXODU PDWHULDO LV XQVDWXUDWHG7KH
FRQWDFWVWUHVVWHQVRULVFRQVLGHUHGWREHHTXLYDOHQWWRWKHµHIIHFWLYHVWUHVV¶IRUZHWJUDQXODUPDWHULDOLQ
GHVFULELQJWKHIDLOXUHVWUHQJWK6FKROWqVHWDOE:DQHWDO:DQJDQG6XQ,WVKRXOG
EHQRWHGWKDWOLPLWDWLRQVRIXVLQJWKLVµHIIHFWLYHVWUHVV¶GHILQLWLRQKDYHEHHQREVHUYHGPDLQO\RQWKH
GHIRUPDWLRQDQGYROXPHFKDQJH&KDODNHWDO&KDUH\UHHWDO)RU WKHFRQYHQLHQFH WR
OLQNLWWRWKHVROLGIDEULFDQGFRQWDFWIRUFHVWKHFRQWDFWVWUHVVWHQVRULVVWLOODQLPSRUWDQWWHUPWREH
DQDO\VHGLQGLVFXVVLQJPDWHULDOVWUHQJWK
7KHGLUHFWLRQDOVWDWLVWLFDOWKHRU\GHYHORSHGE\/LDQG<XFDQEHXVHGWRH[DPLQHWKHVWDWLVWLFDO
FKDUDFWHULVWLFVRISDUWLFOHVFDOHLQIRUPDWLRQ+HUHZHORRNLQWRWKHLQWHUDFWLRQDULVLQJIURPSK\VLFDO
FRQWDFWVDQGIURPWKHZDWHUEULGJHVVHSDUDWHO\7ZRSUREDELOLW\GHQVLW\IXQFWLRQV  V( Q IRUFRQWDFW
QRUPDO GHQVLW\ DQG  Z( Q GHVFULELQJ ZDWHU EULGJHV GHQVLW\ KDYH EHHQ LQWURGXFHG *URXSLQJ WKH
WHUPVLQ(TDFFRUGLQJWRWKHFRQWDFWQRUPDOGLUHFWLRQVLWFDQEHUHZULWWHQDV
   G   GFRQW FDS V ZLM LM LM FRQW L FRQW M FDSL FDS M1 1( Y I ( Y I9 9
Z ZV V V  : : ³ ³V ZQ QQ Q฀ ฀: :  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
ZKHUH G: GHQRWHV WKH HOHPHQWDU\ DQJOH LQ WKH XQLW VSKHUH  Q LV WKH DYHUDJH YDOXH RI  LQ
GLUHFWLRQQ  VZ LVWKHVROLGFRRUGLQDWLRQQXPEHUGHILQHGDVWKHDYHUDJHFRQWDFWQXPEHUSHUSDUWLFOH
ZZ LVWKHZDWHUEULGJHFRRUGLQDWLRQQXPEHUGHILQHGDVWKHDYHUDJHZDWHUEULGJHQXPEHUSHUSDUWLFOH
1 GHQRWHV WKH WRWDO QXPEHURISDUWLFOHV1RWHZDWHUEULGJHV DOZD\V H[LVW EHWZHHQSDUWLFOHSDLUV LQ


SK\VLFDOFRQWDFWZKLOHSDUWLFOHSDLUVZLWKDZDWHUEULGJHPD\QRWEHLQGLUHFWFRQWDFW ZZ LVH[SHFWHG
WREHKLJKHUWKDQ VZ 
)ROORZLQJ/LDQG<XWKHVWUHVVVWDWHLVUHODWHGWRDWKHVWDWLVWLFDOGHSHQGHQFHEHWZHHQ
WKHIRUFHVDQGWKHUHOHYDQWYHFWRUVEWKHGLUHFWLRQDOGLVWULEXWLRQVRIWKHSUREDELOLW\GHQVLW\IXQFWLRQV
RI FRQWDFWV DQG ZDWHU EULGJHV  V( Q DQG  Z( Q  DQG F WKH GLUHFWLRQDO IXQFWLRQV GHVFULELQJ WKH
DYHUDJHIRUFHVDQGYHFWRUV7KH\DUHDSSUR[LPDWHGE\VSKHULFDOKDUPRQLFVHULHVZKLFKLIVXEVWLWXWHG
LQWR(TOHDGWRDJHQHUDOH[SUHVVLRQRIWKH6WUHVV)RUFH)DEULFUHODWLRQVKLSZKLFKH[SUHVVHVWKH
VWUHVVWHQVRULQWHUPVRIWKHGLUHFWLRQWHQVRUVRIGLIIHUHQWUDQNV2IWHQDOLPLWHGQXPEHURIWHUPVDUH
VXIILFLHQWWRDSSUR[LPDWHWKHSDUWLFOHVFDOHGDWDZLWKJRRGDFFXUDF\%DVHGRQVWDWLVWLFDOREVHUYDWLRQV
PDGH LQ WKLV VWXG\ IRU DJUDQXODUDVVHPEO\ PDGHRI VSKHULFDO SDUWLFOHVZLWKDQDUURZSDUWLFOH VL]H
GLVWULEXWLRQWKHIROORZLQJDVVXPSWLRQVFDQEHWDNHQ
 7KH FRQWDFW YHFWRUV DQG WKH FRQWDFW IRUFHV DUH VWDWLVWLFDOO\ LQGHSHQGHQW
 FRQWL FRQW M FRQW L FRQW MY I Y I QQ Q  VR DUH WKH FDSLOODU\ IRUFHV DQG WKH FDSLOODU\ YHFWRUV
 FDSL FDS M FDSL FDS MY I Y I Q Q Q 
 7KHVROLGFRQWDFWSUREDELOLW\GHQVLW\FDQEHVXIILFLHQWO\DSSUR[LPDWHGE\VSKHULFDOKDUPRQLF
VHULHVXSWRQGUDQNLH
    

   VV L L L L( ' Q Q( Q  
ZKHUH  VL L' LV WKH QG UDQN GLUHFWLRQ WHQVRU IRU VROLG FRQWDFW QRUPDO GHQVLW\  ( S LQ
WKUHHGLPHQVLRQDOVSDFHDQG Q LVDXQLWGLUHFWLRQYHFWRU
 )XUWKHUWRWKHZRUNE\*XRLQZKLFKWKHGLUHFWLRQDOVWDWLVWLFVRIFDSLOODU\EULGJHVDUH
DVVXPHGWREHWKHVDPHRIWKHVROLGFRQWDFWVZLWKWKHZDWHUEULGJHPRGHOLPSRVHGLQ'(0
VLPXODWLRQGLUHFWLRQDOGLVWULEXWLRQRIFDSLOODU\EULGJHVZKLFKLVQRWQHFHVVDULO\WKHVDPHFDQ
EHDOVRDQDO\VHG:HPD\VWLOOXVHDVHFRQGUDQNDSSUR[LPDWLRQWRGHVFULEHWKHZDWHUEULGJH
SUREDELOLW\GHQVLW\DV
    

   ZZ L L L L( ' Q Q( Q  
ZLWKWKHGLUHFWLRQWHQVRUIRUZDWHUEULGJHVQRWHGDV  ZL L' 
 7KHFRQWDFWYHFWRUVDQGWKHFDSLOODU\YHFWRUVDYHUDJHGLQHDFKGLUHFWLRQFDQEHDVVXPHGWREH
LVRWURSLFLH


 FRQW FRQWY QY Q DQG FFDS DSY QY Q  
ZKHUH FRQWY  DQG FDSY UHSUHVHQW WKH DYHUDJH RI WKH PHDQ FRQWDFW YHFWRUV DQG WKH PHDQ
FDSLOODU\YHFWRUVLQGLIIHUHQWGLUHFWLRQV
 7KHPHDQFRQWDFWIRUFHLQGLIIHUHQWGLUHFWLRQVFDQEHDSSUR[LPDWHGE\WKHVSKHULFDOKDUPRQLF
VHULHVXSWRUGUDQNWHUPVDV
           VI VIFRQW M FRQW M ML L ML L L L L L) I Q * Q * Q Q Q  Q  
ZKHUH VIML* DQG   VIML L L* DUH WKH VW DQG UG UDQN GHYLDWRULF GLUHFWLRQ WHQVRUV IRU WKH FRQWDFW
IRUFHVDQG FRQWI UHSUHVHQWVWKHDYHUDJHRIWKHPHDQFRQWDFWIRUFHVLQGLIIHUHQWGLUHFWLRQV,W
LVIXUWKHUDVVXPHGWKDWWKHUGUDQNWHUPRQO\FRQWULEXWHVWRWKHVWUHVVWHQVRUDVWKHSURGXFWRI
KLJKHURUGHUWHUPVDQGLJQRUDEOH
 7KHPHDQFDSLOODU\IRUFHLQHDFKGLUHFWLRQLVLVRWURSLFLH
 FFDS DSI QI Q  
7KHVH GDWD VXSSRUWHG DVVXPSWLRQV FRXOG JUHDWO\ VLPSOLI\ WKH H[SUHVVLRQ RI WKH 6WUHVV)RUFH)DEULF
UHODWLRQVKLS ZKLOH PDLQWDLQLQJ VXIILFLHQW DFFXUDF\ 6XEVWLWXWLQJ (TV  LQWR (T  DQG
FRQGXFWLQJWKHGLUHFWLRQDOLQWHJUDWLRQYLDWHQVRUPXOWLSOLFDWLRQIROORZLQJWKHSURFHGXUHVLQ/LDQG<X
WKH6WUHVV)RUFH)DEULFUHODWLRQVKLSFDQEHVLPSOLILHGLQWR
     
        
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
1RWH WKDW VLM'  ZLM' DQG VIML* DUH GHYLDWRULF WHQVRUV DQG LMG LV WKH .URQHFNHU GHOWD 'HWDLOV RI
FDOFXODWLQJ WKHVH GLUHFWLRQ WHQVRUV IURP WKH SDUWLFOHVFDOH GDWD FDQ EH IRXQG LQ $SSHQGL[  DQG
$SSHQGL[
9HULILFDWLRQRIWKH6))UHODWLRQVKLSZLWKWKH'(0GDWD
7KHVWDWLVWLFDOLQGHSHQGHQFHRIIRUFHVDQGYHFWRUVFDQEHHYDOXDWHGE\WZRFRHIILFLHQWVFDOFXODWHGDV
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 7KH YHULILFDWLRQ RI WKH
VWDWLVWLFDOLQGHSHQGHQFHLVFDUULHGRXWRQWKHGHQVHVDPSOHZLWKN3DVXFWLRQ7KHYDOXHVRI FRQW] 
DQG FDS] GXULQJWKHWULD[LDOWHVWDUHSORWWHGLQ)LJ,WFDQEHVHHQWKDW FDS] LVDOPRVWHTXDOWRDQG


FRQW] LV DOVR YHU\ FORVH WR  FRQILUPLQJ WKH VWDWLVWLFDO LQGHSHQGHQFH LV D UHDVRQDEOH VLPSOLILFDWLRQ
WDNHQLQWKLVVWXG\
7KHGHYLDWRULFWHQVRUFKDUDFWHULVHVWKHGLUHFWLRQDOGHSHQGHQFHRIWKHGLVFUHWHGDWDVHW,QWKHFDVHRI
WULD[LDOFRPSUHVVLRQRQLQLWLDOO\LVRWURSLFVSHFLPHQVWKH\DUHH[SHFWHGWREHV\PPHWULFZLWKUHVSHFW
WRWKHORDGLQJGLUHFWLRQ7KHLUGHJUHHRIDQLVRWURSLHVRIDVHFRQGUDQNWHQVRU $ FDQEHH[SUHVVHGDV
WKHYDOXHLQWKHPDMRUSULQFLSOHGLUHFWLRQPLQXVWKHYDOXHLQWKHKRUL]RQWDOGLUHFWLRQ  $ $ 7KH
UHVXOWV RI WKH GHQVH VDPSOH DW  N3D VXFWLRQ DUH SORWWHG LQ )LJ  ,W VKRZV FOHDUO\ WKDW IDEULF
DQLVRWURS\LQFRQWDFWQRUPDOGHQVLW\LVWKHPRVWVLJQLILFDQWRQHZLWK  V V' ' LQFUHDVLQJWRLWVSHDN
DV KLJK DV  7KH FRQWDFW IRUFH DQLVRWURS\ LV DOVR VLJQLILFDQW ZLWK D UDSLG LQFUHDVH LQ  VI VI* * 
ZKLOH VKHDULQJ DQGSHDNHGDW  DW D ORZHU VWUDLQ OHYHO7KHSUREDELOLW\RIZDWHUEULGJHV LV DOVR
LPSRUWDQWZLWK LWVDQLVRWURS\ LQGH[  Z Z' ' LQFUHDVLQJ DW D VORZHU UDWHDQG WRD ORZHUPDJQLWXGH
DURXQG  7KH MRLQW WHQVRU RI  V VILP MP' * KDV WKH VPDOOHVW DQLVRWURSLF HIIHFW 7KH GHJUHH RI
DQLVRWURS\IRUWKHFRQWDFWYHFWRUV VYLM* WKHFDSLOODU\YHFWRUV ZYLM* WKHFDSLOODU\IRUFHV ZILM* DQG
WKH FRUUHVSRQGLQJ MRLQW WHQVRU   Z ZILP MP' *  DUH REVHUYHG WR EH YHU\ VPDOO VXSSRUWLQJ WKH
VLPSOLILFDWLRQVLQWKHSUHYLRXVVHFWLRQ
7KH DFFXUDF\ RI WKH ZKROH VLPSOLILHG 6)) UHODWLRQVKLS IRU XQVDWXUDWHG JUDQXODU PDWHULDOV FDQ EH
GLUHFWO\FKHFNHGE\FRPSDULQJWKHWRWDOVWUHVVWHQVRUHYDOXDWHGIURPWKHVSHFLPHQERXQGDULHVDQGWKDW
FDOFXODWHG IURP WKH 6)) UHODWLRQVKLS LQ (T  )LJ  FRPSDUHV WKH PHDQ QRUPDO VWUHVV
  D US V V  DQG WKH GHYLDWRULF VWUHVV  D UT V V  RI WKH VLPXODWLRQ FRQGXFWHG DW VXFWLRQ
OHYHO6 N3D,WFDQEHVHHQWKDWWKHVWUHVVHVFDOFXODWHGIURPWKH6))UHODWLRQVKLSDJUHHZHOOZLWK
WKHERXQGDU\PHDVXUHGYDOXHVIRUERWKWKHGHQVHDQGORRVHVSHFLPHQV7KHVPDOOGLIIHUHQFHREVHUYHG
LQ EHWZHHQ HUURU HYROXWLRQ DQG WKH DYHUDJH HUURU DUH SORWWHG LQ )LJ F LV GXH WR WKH VHW RI
DVVXPSWLRQVOLVWHGDERYHDQGWKHHUURULQGXFHGE\RPLWWLQJKLJKUDQNWHUPVIRUWKHVDNHRIVLPSOLFLW\
2EVHUYDWLRQVRQWKHPLFURFKDUDFWHULVWLFV
7KH6))UHODWLRQVKLSIRUXQVDWXUDWHGJUDQXODUPDWHULDOV(TIRUPXODWHVWKHPDFURVWUHVVVWDWHLQ
WHUPV RI WKH FRRUGLQDWLRQ QXPEHUV  VZ DQG ZZ  WKH GLUHFWLRQDO DYHUDJHV RI IRUFHV DQG YHFWRUV
 FRQWI  FRQWY DQG FDSI  FDSY  DQG WKH GLUHFWLRQ WHQVRUV  VLM'  VILM* DQG ZLM'  ,Q WKLV VHFWLRQ ZH
SUHVHQWREVHUYDWLRQVRIWKHVHPLFURYDULDEOHVDWYDULRXVVXFWLRQOHYHOV


7KHK\GURVWDWLFVWUHVVHVDQGWKHLUFRUUHVSRQGLQJPLFURSDUDPHWHUV
7KH FRQWDFW PHDQ QRUPDO VWUHVV DQG WKH PHDQ FDSLOODU\ VWUHVV UHSUHVHQW WKH PDJQLWXGH RI WKH
K\GURVWDWLFVWUHVV,Q(T VLM'  ZLM' DQG VIML* DUHGHYLDWRULFWHQVRUVDVVRFLDWHGZLWKWKHGHYLDWRULF
FRPSRQHQWVRIWKHFRQWDFWDQGFDSLOODU\VWUHVVHV1HJOHFWLQJWKHFRQWULEXWLRQRIKLJKHUUDQNWHQVRUV
WKHFRQWDFWPHDQQRUPDOVWUHVVFDQEHHVWLPDWHGDV
     
       
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
DQGWKHFDSLOODU\PHDQQRUPDOVWUHVVDV
  FDS Z FDS FDS
1S Y I9 Z 



)RU D JLYHQ PDWHULDO WKH QXPEHU RI SDUWLFOHV SHU XQLW YROXPH 1 9 LV XQLTXHO\ GHWHUPLQHG E\ WKH
VDPSOHYRLGUDWLR
7KHHYROXWLRQRIWKHFRRUGLQDWLRQQXPEHUV VZ DQG ZZ DUHSORWWHGLQ)LJ7KHVROLGFRRUGLQDWLRQ
QXPEHU VZ LQXQVDWXUDWHGDVVHPEO\LVREVHUYHGWREHVLJQLILFDQWO\ODUJHUWKDQWKDWLQWKHGU\VWDWHEXW
LQVHQVLWLYH WR WKH VXFWLRQ OHYHO IRU WKH UDQJH RI VXFWLRQV LQYHVWLJDWHG LQ WKLV VWXG\ 7KH VROLG
FRRUGLQDWLRQQXPEHUV LQGHQVHVSHFLPHQVDUH VOLJKWO\KLJKHU WKDQ WKRVH LQ WKH ORRVHVSHFLPHQ7KH
ZDWHUEULGJHFRRUGLQDWLRQQXPEHU ZZ KRZHYHUVKRZVVWURQJHUGHSHQGHQFHLQVDPSOHYRLGUDWLRDQG
VXFWLRQOHYHO7KH\DUHDOOKLJKHUWKDQWKHVROLGFRRUGLQDWLRQQXPEHU VZ DVH[SHFWHG,QJHQHUDOWKH
ORZHUWKHVXFWLRQOHYHOWKHKLJKHUWKHZDWHUFRQWHQWDQGWKHORQJHUWKHUXSWXUHGLVWDQFHDQGKHQFHWKH
ODUJHU ZDWHU EULGJH FRRUGLQDWLRQ QXPEHU ZZ  'HFUHDVH LQ VXFWLRQ IURP N3D WR N3D FRXOG
SRWHQWLDOO\EULQJWKHZDWHUEULGJHFRRUGLQDWLRQQXPEHU ZZ DWD OHYHOFORVHWRWKHVROLGFRRUGLQDWLRQ
QXPEHU VZ XSWRDYDOXHODUJHUE\%\VKHDULQJWKHGHQVHPDWHULDO VZ DQG ZZ DUHVHHQWRGHFUHDVH
ZKLFKLVDFFRPSDQLHGE\WKHYROXPHGLODWLRQ,QWKHORRVHVDPSOHWKHYDULDWLRQVLQ VZ DQG ZZ DUH
PRGHUDWH
7KH GHSHQGHQFH RI WKH VROLG DQG ZDWHU EULGJH FRRUGLQDWLRQ QXPEHUV  VZ DQG ZZ   RQ VXFWLRQ  LV
VKRZQLQ)LJ7KHLQIRUPDWLRQRQWKHGU\VDPSOHKDVEHHQLQFOXGHGDVWKHUHIHUHQFH7KHGDWDDW
WKH LQLWLDO VWDWH DQG SHDN VWUHQJWK KDYH EHHQ PDUNHG E\ WKH KROORZ V\PEROV DQG WKRVH DW WKH KLJK
VWUDLQ OHYHO LH WKHFULWLFDO VWDWHKDYHEHHQ OLVWHGDV VROLG V\PEROV'HVSLWH WKHGLIIHUHQFHVGXH WR
WKHLULQLWLDOGHQVLWLHVERWKWKHVROLGFRRUGLQDWLRQQXPEHUDQGWKHZDWHUEULGJHFRRUGLQDWLRQQXPEHU


DSSURDFKHVHTXDOYDOXHVDWODUJHVWUDLQOHYHOV7KHLQFUHDVHLQVXFWLRQOHDGVWRDVOLJKWLQFUHDVHLQWKH
VROLG FRQWDFW FRRUGLQDWLRQ QXPEHU EXW D PXFK PRUH VLJQLILFDQW UHGXFWLRQ LQ WKH ZDWHU EULGJH
FRRUGLQDWLRQQXPEHUIROORZLQJDVLPLODUH[SRQHQWLDOGHFOLQLQJWUHQGREVHUYHGLQWKHUXSWXUHGLVWDQFH
VKRZQLQ)LJE
)LJSORWVWKHHYROXWLRQVRIWKHGLUHFWLRQDODYHUDJHVRIPHDQVROLGFRQWDFWIRUFHV FRQWI DQGWKDWRI
PHDQ FDSLOODU\ IRUFHV FDSI  6KHDULQJ ERRVWHG IXUWKHU LQFUHDVHV LQ WKH PHDQ FRQWDFW IRUFH
FRUUHVSRQGLQJ WR WKH LQFUHDVH LQ WKHPHDQQRUPDO VWUHVVHV&RQWDFW IRUFHVLQZHWJUDQXODUPDWHULDOV
DUHVWURQJHUWKDQWKDWLQWKHGU\PDWHULDODVWKHUHVXOWRIWKHPXFKODUJHUFRQWDFWVWUHVVHV,WUHGXFHV
VOLJKWO\DVWKHVXFWLRQOHYHOLQFUHDVHVIURPN3DWRN3D7KHPHDQFDSLOODU\IRUFHLVOHVVVHQVLWLYH
WRGHQVLW\KRZHYHULWLVREVHUYHGWKDWWKHPDJQLWXGHRI FDSI LVODUJHUDWDKLJKHUVXFWLRQOHYHO
)LJ  SORWV FRQWI DQG FDSI DW GLIIHUHQW VXFWLRQ OHYHOV 7KH LQIRUPDWLRQ RI WKH GU\ VDPSOH LV
LQFOXGHGLQ)LJDDVDUHIHUHQFH)RUDQXQVDWXUDWHGDVVHPEO\WKHSUHVHQFHRIWKHFDSLOODU\VWUHVV
OHDGV WR D PXFK KLJKHU FRQWDFW VWUHVV DW WKH VDPH ERXQGDU\ VWUHVV OHYHOV DQG KHQFH D KLJKHU VROLG
FRQWDFW IRUFHV )RU WKH UDQJH RI VXFWLRQ LQYHVWLJDWHG LQ WKLV VWXG\ D PLQRU GHFUHDVH LQ FRQWI LV
REVHUYHGDVVXFWLRQLQFUHDVHV7KHGLUHFWLRQDODYHUDJHVRIPHDQFDSLOODU\IRUFHV FDSI DUHQHJDWLYH
LQGLFDWLQJDFRKHVLYHHIIHFW FDSI LVQRWFKDQJHGPXFKIURPLQLWLDOVWDWHWRSHDNVWUHQJWKDQGFULWLFDO
VWDWH,WVPDJQLWXGHLQFUHDVHVDOPRVWOLQHDUO\ZLWKWKHORJDULWKPRIVXFWLRQDVVKRZQLQ)LJE
)RUDOO WKHVLPXODWLRQV LQ WKLVSDSHUZLWK WKHQDUURZSDUWLFOHVL]HGLVWULEXWLRQ LWKDVEHHQREVHUYHG
WKDWWKHGLUHFWLRQDODYHUDJHVRIPHDQFRQWDFWYHFWRUV FRQWY DQGPHDQFDSLOODU\YHFWRUV FDSY DUHFORVH
WRWKHPHDQSDUWLFOHUDGLXV7KH\YDU\RQO\VOLJKWO\ZLWKGLIIHUHQWYRLGUDWLRVDQGVXFWLRQOHYHOV7KH
HUURU LQ DSSUR[LPDWLQJ  FRQW FDSY Y 5  ZKHUH 5 UHSUHVHQWV WKH PHDQ SDUWLFOH UDGLXV LV IRXQG OHVV
WKDQ  ,W LV REVHUYHG WKDW LQ D ZHW JUDQXODU PDWHULDO WKH FDSLOODU\ VWUHVV H[HUWV DQ DGGLWLRQDO
FRPSDFWLRQGULYHWRSXOOSDUWLFOHVWRJHWKHUDQGFDXVHVDVPDOOUHGXFWLRQLQ FRQWY 7KHGHWDLOVDUHQRW
LQFOXGHGIRUVSDFHOLPLWDWLRQ
:LWK WKH DERYH NQRZOHGJH RI WKH FRRUGLQDWLRQ QXPEHUV  VZ DQG ZZ  WKH GLUHFWLRQDO DYHUDJHV RI
IRUFHVDQGYHFWRUV FRQWI  FRQWY DQG FDSI  FDSY WRJHWKHUZLWKLQIRUPDWLRQRQWKHYRLGUDWLRSORWWHG
LQ)LJWKHFRQWDFWDQGFDSLOODU\PHDQQRUPDOVWUHVVHVFDQEHFDOFXODWHGIURP(TV	7KH
HVWLPDWHGUHVXOWVDUHSORWWHGLQ)LJWRJHWKHUZLWKWKRVHFDOFXODWHGEDVHGRQWKHGHILQLWLRQVRIWKH
FRQWDFW VWUHVV DQG WKH FDSLOODU\ VWUHVV JLYHQ LQ (T  7KH VXFWLRQ OHYHO LV DW N3D IRU WKH
FRPSDULVRQ7KHGLIIHUHQFHLQEHWZHHQUHIOHFWVWKHHUURU LQGXFHGE\WKHVHWRIDVVXPSWLRQVOLVWHGLQ


WKHHDUOLHUVHFWLRQDQGWKHHUURULQGXFHGE\RPLWWLQJKLJKHUUDQNWHUPVIRU WKHVDNHRIVLPSOLFLW\$
VOLJKW XQGHUHVWLPDWLRQ RI WKH 6)) UHODWLRQVKLS LQ WKH FRQWDFW PHDQ QRUPDO VWUHVV LV GXH WR WKH
QHJOHFWHGFRQWULEXWLRQRIKLJKHUUDQNWHQVRUVLQGLUHFWLRQGLVWULEXWLRQRIFRQWDFWIRUFHV   VIML L L* 7KH
FDSLOODU\PHDQQRUPDOVWUHVVHVDUHIRXQGDOPRVWLGHQWLFDO$VVHHQIURPWKHILJXUHWKHHUURULVYHU\
QHJOLJLEOHFRQILUPLQJ(TV	DUHJRRGPDWKHPDWLFDODSSUR[LPDWLRQVDQGWKHDVVXPSWLRQV
PDGHLQWKHSUHYLRXVVHFWLRQDUHUHDVRQDEOHIRUWKLVVWXG\
)LJSORWVWKHWZRPHDQQRUPDOVWUHVVHVDJDLQVWWKHVXFWLRQOHYHOV7KHFDSLOODU\HIIHFWLVFRKHVLYH
DQG LQFUHDVHV WKH FRQWDFW VWUHVV ZKLFK LV IRXQG KLJKHU WKDQ WKH ERXQGDU\ VWUHVVHV N3D E\ D
PDJQLWXGHDERYHN3D7KHGHQVH VSHFLPHQKDVDKLJKHUFRQWDFWPHDQQRUPDO VWUHVVDQGD ORZHU
FDSLOODU\ PHDQ QRUPDO VWUHVV WKDQ WKDW RI WKH ORRVH VDPSOH :LWK WKH LQFUHDVH LQ VXFWLRQ WKH
PDJQLWXGH RI WKH FDSLOODU\ PHDQ QRUPDO VWUHVV GHFUHDVHV VOLJKWO\ OHDGLQJ WR D VOLJKW GHFOLQH LQ WKH
FRQWDFW PHDQ QRUPDO VWUHVV ZKLFK FRXOG DOVR EH H[SODLQHG EDVHG RQ (T  DV WKH FRPELQHG
LQIOXHQFH RI D VPDOO LQFUHDVH LQ WKH VROLG FRRUGLQDWLRQ QXPEHU )LJ D DQG D VOLJKWO\ PRUH
VLJQLILFDQWGHFUHDVHLQWKHFRQWDFWIRUFHVHHQLQ)LJD7KHVPDOOGHFUHDVHLQWKHFDSLOODU\VWUHVVLV
WKHMRLQWUHVXOWRIWKHGHFUHDVHLQWKHZDWHUEULGJHFRRUGLQDWLRQQXPEHU)LJEDQGLQFUHDVHLQ
WKHPDJQLWXGHRIPHDQFDSLOODU\IRUFH)LJE,W LVZRUWKQRWLQJWKDWDOWKRXJKDZLGHUDQJHRI
VXFWLRQKDVEHHQ LQYHVWLJDWHG LQ WKLV VWXG\ IURPN3D WRN3D LWV VLJQLILFDQFHRQ WKH LQWHUQDO
IRUFH WUDQVPLVVLRQ LV KRZHYHU VLPLODU MXGJLQJ IURP WKH PDJQLWXGH RI WKH FDSLOODU\ PHDQ QRUPDO
VWUHVV
7KHPDWHULDODQLVRWURSLHVDQGVKHDUVWUHQJWKV
)URP (T  LW LV VHHQ WKDW WKH GHYLDWRULF VWUHVV RI XQVDWXUDWHG JUDQXODU PDWHULDOV DOVR KDV WZR
FRPSRQHQWV RQH IURP WKH FRQWDFW IRUFHV DQG WKH RWKHU IURP WKH ZDWHU EULGJHV ,JQRULQJ WKH
FRQWULEXWLRQIURPWKHKLJKHUUDQNWHQVRUVWKHGHYLDWRULFFRQWDFWVWUHVVWHQVRUFDQEHZULWWHQDV
  FRQW L
FRQW FRQW VI V
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$QGWKHGHYLDWRULFFDSLOODU\VWUHVVWHQVRUFDQEHZULWWHQDV
 FDS
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6LQFHWKHVSHFLPHQVKDYHEHHQSUHSDUHGDQGWHVWHGD[LVV\PPHWULFDOO\WKHGHYLDWRULFVWUHVVHVFDQEH
UHSUHVHQWHGE\WKHFRQWDFWVKHDUVWUHVV    FRQW FRQW FRQW FRQWFRQWT V VV V    DQGWKHFDSLOODU\VKHDUVWUHVV
   
FDS FDS FDS FDS
FDST V VV V    UHVSHFWLYHO\7KRVH YDOXHV FDOFXODWHG IURP (TV  	  IRU WKH
WHVWVDWWKHVXFWLRQOHYHORIN3DKDYHEHHQSORWWHGLQ)LJWRJHWKHUZLWKWKRVHFDOFXODWHGDVSHU
WKHLU GHILQLWLRQV LQ (T  IRU FRPSDULVRQ ,W VKRZV WKDW WKH HUURU FDXVHG E\ WKH PDWKHPDWLFDO


DSSUR[LPDWLRQ LV DFFHSWDEOH :LWK WKH LQIRUPDWLRQ RQ  FRQWS DQG FDSS SUHVHQWHG LQ WKH SUHYLRXV
VHFWLRQ WKLV VHFWLRQ IRFXVRQ WKH GHYLDWRULFGLUHFWLRQ WHQVRUV VLM'  ZLM' DQG VILM*  ZKLFK FKDUDFWHULVH
WKH DQLVRWURSLHV LQ WKH SUREDELOLW\ GHQVLW\ RI FRQWDFW QRUPDOV ZDWHU EULGJHV DQG WKH PHDQ FRQWDFW
IRUFHVUHVSHFWLYHO\,QWKHWULD[LDOD[LVV\PPHWULFORDGLQJWKH\FDQEHHIIHFWLYHO\UHSUHVHQWHGE\WKH
PDJQLWXGHRIDQLVRWURS\LQWKHVHWHQVRUVH[SUHVVHGDV   V V' '    Z Z' ' DQG   VI VI* * 
7KHDQLVRWURS\LQFRQWDFWQRUPDOGHQVLW\LVSORWWHGLQ)LJLQWHUPVRI   V V' ' %\VKHDULQJDQ
LVRWURSLF VSHFLPHQ LQ WULD[LDO ORDGLQJ SDWK WKH VROLG VNHOHWRQ EHFRPHV DQLVRWURSLF DV VRRQ DV WKH
ORDGLQJLVDSSOLHG7KHGHQVHVSHFLPHQGHYHORSVDVWURQJHUDQLVRWURS\WKDQWKDWLQWKHORRVHVSHFLPHQ
,WLVREVHUYHGWKDWWKHIDEULFDQLVRWURSLHVLQWKHXQVDWXUDWHGVSHFLPHQVDUHOHVVDQLVRWURSLFWKDQWKDWRI
WKHGU\PDWHULDO$JDLQIRUWKHUDQJHRIVXFWLRQOHYHOVVLPXODWHGLQWKLVVWXG\WKHREVHUYDWLRQVRYHUD
ZLGHUDQJHRIVXFWLRQOHYHOIURPN3DWRN3DDUHIRXQGFORVHWRHDFKRWKHU
)LJ  VKRZV WKH DQLVRWURSLHV LQ WKH VROLG FRQWDFW IRUFHV LQ WHUPVRI DV   VI VI* *  ,Q WKHGHQVH
VSHFLPHQDSHDNLQIRUFHDQLVRWURS\LVREVHUYHGLQWKHFRQWDFWIRUFHDQLVRWURS\DQGVRRQUHGXFHVWR
WKHFULWLFDOVWDWHYDOXHV,QWKHORRVHVSHFLPHQWKHDQLVRWURS\LQFRQWDFWIRUFHLVREVHUYHGWRJUDGXDOO\
LQFUHDVH,WLVEURDGO\REVHUYHGWKDWWKHDQLVRWURS\LQVROLGFRQWDFWIRUFHLVQRWVHQVLWLYHWRWKHVXFWLRQ
OHYHOV DQG KHQFH ZDWHU FRQWHQW DOWKRXJK WKHUH LV HYLGHQFH LQ WKH ORRVH VSHFLPHQ WKDW WKH IRUFH
DQLVRWURSLHV LQ XQVDWXUDWHG VSHFLPHQV DUH VOLJKWO\ ODUJHU WKDQ WKDW LQ WKH GU\ VSHFLPHQ 7KH
DQLVRWURSLHV LQ VROLG FRQWDFW IRUFHV DW ODUJH VWUDLQ OHYHO DUHREVHUYHG WREH LQGHSHQGHQW WR WKH YRLG
UDWLRDQGWKHVXFWLRQOHYHOVZLWKWKHYDOXHFORVHWR
7KHFRQWDFWVKHDUVWUHVVHV FRQWT DWWKHSHDNDQGFULWLFDOVWDWHDUHSORWWHGLQ)LJDJDLQVWWKHVXFWLRQ
OHYHOV7KHWUHQGRIYDULDWLRQFDQEHZHOOH[SODLQHGEDVHGRQWKHLQIRUPDWLRQRIFRQWDFWPHDQQRUPDO
VWUHVV DQG WKH FRQWDFW IDEULF DQG IRUFH DQLVRWURSLHV SUHVHQWHG DV SHU (T  6LQFH WKH IDEULF DQG
IRUFH DQLVRWURSLHV RI WKH XQVDWXUDWHG VSHFLPHQV DUH RI VLPLODU PDJQLWXGHV WKH GLIIHUHQFH LQ WKH
FRQWDFW VKHDU VWUHVV LV PDLQO\ UHVXOWHG IURP WKH GLIIHUHQFH LQ WKH GLUHFWLRQDO PHDQ RI VROLG FRQWDFW
IRUFHV DV SORWWHG LQ )LJ D 7KH FRQWDFW VKHDU VWUHVV FRPSRQHQW GHFUHDVHV VOLJKWO\ ZLWK DQ
H[SRQHQWLDO LQFUHDVHLQVXFWLRQOHYHOGXHWRWKHUHGXFWLRQLQWKHFRQWDFWPHDQQRUPDOVWUHVVHV7KH\
DUH KLJKHU WKDQ GU\ JUDQXODU PDWHULDOV PDLQO\ EHFDXVH WKH FRQWDFW PHDQ QRUPDO VWUHVVHV KDYH EHHQ
HOHYDWHGGXHWRWKHFDSLOODU\HIIHFW
$QLVRWURS\ LQZDWHUEULGJHSUREDELOLW\RI WKHGHQVH DQG ORRVH VSHFLPHQV LVSORWWHG LQ)LJ 7KH
ZDWHUEULGJHIDEULFDQLVRWURS\ LQWKHGHQVHVSHFLPHQ LVKLJKHU WKDQ WKDW LQ WKHORRVHVSHFLPHQ7KH
ZDWHU EULGJH DQLVRWURS\ GHYHORSPHQW LV DVVRFLDWHG ZLWK WKH GHYHORSPHQW LQ WKH FRQWDFW IDEULF
DQLVRWURS\ DOWKRXJK LWV UDWH LV VPDOOHU DQG WKH SHDNV DUH REVHUYHG DW D KLJKHU VWUDLQ OHYHO 7KH


PDJQLWXGHRIZDWHUEULGJHDQLVRWURS\LVIRXQGWREHVPDOOHUWKDQWKDWRIWKHFRQWDFWQRUPDODQLVRWURS\
7KHHYROXWLRQRIZDWHUEULGJHDQLVRWURS\VKRZVDFOHDUVXFWLRQGHSHQGHQFH$VWKHVXFWLRQLQFUHDVHV
LH WKHZDWHUFRQWHQWGHFUHDVH WKHZDWHUEULGJHVEHFRPHIHZHU)LJEXWPRUHDQLVRWURSLF)LJ

7KH ZDWHU EULGJH GLVWULEXWLRQV DW WKH LQLWLDO VWDWHV DUH DOPRVW LVRWURSLF )LJ D SORWV WKH ZDWHU
EULGJHDQLVRWURS\DW WKHSHDNVWUHQJWKDQGFULWLFDOVWDWHDJDLQVWVXFWLRQ7KHSHDNDQGFULWLFDOZDWHU
EULGJHDQLVRWURS\LVREVHUYHGWRLQFUHDVHE\DIDFWRURIZKHQWKHVXFWLRQLQFUHDVHVIURPN3DWR
N3D7KLVFRXOGDOVREHH[SODLQHGE\WKHUXSWXUHGLVWDQFH$WDKLJKHUVXFWLRQ OHYHO WKHUXSWXUH
GLVWDQFHLVVPDOOHUDQGWKHZDWHUEULGJHDQLVRWURS\ LVFORVHU WR WKHVROLGFRQWDFWQRUPDODQLVRWURS\
$OWKRXJK WKH PD[LPXP ZDWHU EULGJH DQLVRWURS\ LV ODUJHU LQ WKH GHQVH VDPSOH WKH ZDWHU SKDVH
DQLVRWURS\DWWKHSHDNVWUHQJWKLVKRZHYHUODUJHULQWKHORRVHRQHDVLWQHHGVODUJHUVWUDLQWRUHDFKWKH
SHDNVWDWH$VWKHSHDNVWUHQJWKIRUWKHGHQVHVSHFLPHQLVDWVWUDLQDQGLWQHHGVDERXWVWUDLQWR
UHDFK SHDN VWUHQJWK IRU WKH ORRVH RQH 7KH FDSLOODU\ VKHDU VWUHVV DW WKH SHDN DQG FULWLFDO VWDWHV DUH
SORWWHGLQ)LJEYHUVXVVXFWLRQ6LQFHWKHPDJQLWXGHRIFDSLOODU\IRUFHUHPDLQVLVRWURSLFGXULQJ
VKHDULQJ WKH FDSLOODU\ VKHDU VWUHVV LV RQO\ GHSHQGHQW RQ WKH FDSLOODU\ PHDQ QRUPDO VWUHVV DQG WKH
ZDWHU EULGJH IDEULF $OWKRXJK WKH GLIIHUHQFH LQ FDSLOODU\ DQLVRWURS\ DW GLIIHUHQW VXFWLRQ OHYHOV LV
VLJQLILFDQW WKH OHYHORIFDSLOODU\PHDQQRUPDO VWUHVVREVHUYHGLQWKLVVWXG\ LV OLPLWHGRQO\VOLJKWO\
KLJKHUWKDQN3D7KLVKDVOLPLWHGWKHFDSLOODU\VKHDUVWUHVVWRDYHU\ORZVWUHVVOHYHOEHORZN3D
'LVFXVVLRQRQWKHFDSLOODU\VWUHQJWKHQLQJHIIHFW
7KH6))UHODWLRQVKLSIRUPXODWHVWKHDQDO\WLFDOFRUUHODWLRQEHWZHHQWKHPDFURPDWHULDOVWUHVVDQGWKH
PLFURIDEULFDQGIRUFHUHODWHGSDUDPHWHUV7KHREVHUYDWLRQVRQKRZWKHVHPLFURSDUDPHWHUVYDU\ZLWK
VXFWLRQ SURYLGH LQVLJKW LQWR WKH SDUWLFOH VFDOH RULJLQ RI WKH FDSLOODU\ VWUHQJWKHQLQJ HIIHFW RI
XQVDWXUDWHGJUDQXODUPDWHULDOV
)LUVWRIDOO WKHPHFKDQLFDO IRUFHV WUDQVPLWWHG LQXQVDWXUDWHGJUDQXODUPDWHULDOVDUHFKDUDFWHULVHG LQ
WHUPVRI WKH FRQWDFW VWUHVV UDWKHU WKDQ WKH WRWDO VWUHVV%HFDXVH WKHFDSLOODU\ VWUHVV LV FRKHVLYH WKH
FRQWDFWPHDQQRUPDOVWUHVVLVKLJKHUWKDQWKDWLQWKHWRWDOVWUHVV$VWKHZDWHUFRQWHQWLQFUHDVHVDQG
WKHVXFWLRQOHYHOUHGXFHVWKHVROLGFRRUGLQDWLRQQXPEHUGHFUHDVHVVOLJKWO\ WKHLQFUHDVHLQWKHPHDQ
VROLG FRQWDFW IRUFH LV KRZHYHU GRPLQDQW DQG UHVXOWV LQ D FRQWLQXRXV LQFUHDVH LQ WKH FRQWDFW PHDQ
QRUPDO VWUHVV 7KH FRXSOLQJ HIIHFW EHWZHHQ IDEULF DQG FDSLOODU\ HIIHFW LV UHIOHFWHG WKDW WKH PRUH
LVRWURSLFFDSLOODU\ HIIHFW OHDGV WR VPDOOHU VROLG IDEULFDQLVRWURS\ LQZHWPDWHULDO LQ WULD[LDO ORDGLQJ
&RPELQLQJZLWKWKH6))HTXDWLRQWKLVDOVRPHDQVWKHKLJKHUVKHDUUHVLVWDQFHLVPDLQO\FRQWULEXWHG
E\WKHFRRUGLQDWLRQQXPEHUDQGFRQWDFWIRUFHLQFUHDVH
)RUWKHORDGLQJLQGXFHGZDWHUEULGJHDQLVRWURS\E\PXOWLSO\LQJZLWKWKHFDSLOODU\PHDQQRUPDOVWUHVV
VHH(TLW OHDGV WRDGHYLDWRULFVWUHVVFRPSRQHQW:KHQ WKHZDWHUFRQWHQW LQFUHDVHV WKHZDWHU


EULGJH FRRUGLQDWLRQ QXPEHU LQFUHDVHV FRQWLQXRXVO\ IURP D YDOXH FORVH WR WKH VROLG FRRUGLQDWLRQ
QXPEHU 7KH KLJKHU WKH ZDWHU FRQWHQW WKH ODUJHU WKH ZDWHU EULGJH FRRUGLQDWLRQ QXPEHU 7KH
PDJQLWXGHRIPHDQFDSLOODU\IRUFHGHFUHDVHV$VDUHVXOWWKHFDSLOODU\PHDQQRUPDOVWUHVVYDULHVRQO\
VOLJKWO\ZLWKWKHVXFWLRQOHYHODQGLVPDLQWDLQHGVOLJKWO\EHORZN3D7KHZDWHUEULGJHDQLVRWURS\
UHGXFHVIURPDYHU\KLJKYDOXHWREHFRPHPRUHDQGPRUHLVRWURSLFDVWKHZDWHUFRQWHQWLQFUHDVHV$V
DUHVXOW WKLVGHYLDWRULFVWUHVVFRPSRQHQWJHWVVPDOOHUZKHQWKHVXFWLRQOHYHO LVORZHUDQGWKHZDWHU
FRQWHQW LV KLJKHU7KLV LV LQ FRQVLVWHQF\ZLWK WKDW DVRQHFDQ LPDJLQHZKHQ WKHPDWHULDO LV QHDUO\
VDWXUDWHGWKHZDWHUSKDVHLVRQO\DFWLQJDVDQLVRWURSLFVWUHVV
&RQFOXVLRQV
7KHZRUN LVEDVHGRQ WKHPXOWLVFDOHGDWDREWDLQHGIURPWKH'LVFUHWH(OHPHQWVLPXODWLRQVZLWKWKH
SDUWLFOHLQWHUDFWLRQPRGHOPRGLILHGWRLQFRUSRUDWHWKHZDWHUEULGJHHIIHFW1XPHULFDOVLPXODWLRQVKDYH
EHHQ FDUULHG RXW DW GLIIHUHQW VXFWLRQ OHYHOV WKXV GLIIHUHQW ZDWHU FRQWHQWV RQ GHQVH DQG ORRVH
VSHFLPHQV %DVHG RQ WKH GLVFUHWH GDWD WKH 6WUHVV)RUFH)DEULF 6)) UHODWLRQVKLS IRU XQVDWXUDWHG
JUDQXODU PDWHULDOV LQ SHQGXODU VWDWHV LV IRUPXODWHG DQG XVHG WR H[SORUH WKH SDUWLFOHVFDOH RULJLQ RI
PDWHULDO VKHDU VWUHQJWK7KH WRWDO VWUHVV WHQVRU KDV EHHQ H[SUHVVHG DV WKH VXP RI WKH FRQWDFW VWUHVV
WHQVRU RULJLQDWLQJ IURP FRQWDFW IRUFHV DQG WKH FDSLOODU\ VWUHVV WHQVRU GXH WR FDSLOODU\ HIIHFW 7KH
GLUHFWLRQDOVWDWLVWLFVRISDUWLFOHVFDOHLQIRUPDWLRQLQFOXGLQJWKRVHUHOHYDQWWRPHFKDQLFDOFRQWDFWVDQG
ZDWHUEULGJHV KDYHEHHQH[DPLQHG$SSURSULDWH DQDO\WLFDO DSSUR[LPDWLRQVEDVHGRQXS WRQG UDQN
WHQVRUVKDYHEHHQFKRVHQIRUWKHGLUHFWLRQDOGLVWULEXWLRQVDVVRFLDWHGZLWKWKHVROLGVNHOHWRQDQGZDWHU
EULGJHVUHVSHFWLYHO\7KHIRUPXODWHG6))UHODWLRQVKLSIRUXQVDWXUDWHGJUDQXODUPDWHULDOVPDWFKHVZLWK
WKHPDWHULDOVWUHVVVWDWH LQJRRGDFFXUDF\DQGFDQEHHPSOR\HG WRLQWHUSUHWWKHPDWHULDOVWUHQJWKLQ
WHUPVRIWKHUHOHYDQWPLFURSDUDPHWHUV
7KH REVHUYDWLRQV RQ WKH PLFUR SDUDPHWHUV SURYLGH LQVLJKWV LQWR WKH SDUWLFOH VFDOH RULJLQ RI WKH
FDSLOODU\ VWUHQJWKHQLQJ HIIHFW RI XQVDWXUDWHG JUDQXODU PDWHULDOV 7KH FDSLOODU\ IRUFH UHPDLQV QHDUO\
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V( 6ROLGFRQWDFWQRUPDOSUREDELOLW\GHQVLW\IXQFWLRQ
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